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MILAN GEOLOGICAL SCIENCE FIELD TRIP 
INTRODUCTION 
The Milan area, in the northern part of western Illinois, lies along 
scenic bluffs at the confluence of the Rock and Mississippi Rivers in Rock 
Island County. Physiographically, the field trip area is in the northern part 
of the Galesburg Plain (see attached map of the Physiographic Divisions of 
Illinois), an Illinoian age till plain mantled with Wisconsinan age silts and 
loess (pronounced "luss"). The buried bedrock surface in this vicinity has 
been considerably modified by the Pleistocene glaciers that repeatedly covered 
the area during the past 1,200,000 years or so. Many of the irregularities of 
the bedrock surface produced by pre-Pleistocene erosion were accentuated by 
meltwater from early Pleistocene glaciers. The valleys were later filled so 
completely with glacial drift that in many places no surface expression of 
them is visible and present-day drainage does not, for the most part, follow 
them. Only the major bedrock configurations can be recognized in the present 
topography. The most prominent of these bedrock features are the Rock and 
Mississippi River Valleys and the Rock Island upland that occurs between them. 
Although glaciers appear to have covered the region during Nebraskan 
time from 1,200,000 to 900,000 years ago, no deposits definitely identified as 
Nebraskan in age are known in the field trip area, presumablY having been 
eroded away (note glaciation sequence diagrams in Pleistocene appendix) . 
Although Kansan drift was deposited in this region between 700,000 and 600,000 
years ago, it is found only in patches--in early Pleistocene bedrock channels 
and low sags in the bedrock surface. Each succeeding glacier eroded away most 
of the drift left by the preceding glaciers on the bedrock interstream areas. 
Accumulations of Illinoian (Liman) drift, deposited between 350,000 and perhaps 
295,000 years ago, are extensive here. This drift was subjected to erosion 
throughout later Illinoian, Sangamonian, and early Wisconsinan times. Wiscon-
sinan silts and wind-blown loes3 were deposited from about 22,000 to nearly 
7,000 years ago over the older glacial deposits. The loess, which mantles the 
hills and upland surfaces, was derived from Wisconsinan outwash in the near-by 
river valleys. It is thickest near the river bluffs, where it generally is 
30 feet or more thick, and thins away from the bluffs across the uplands to 
about 12 feet (note the discussions of loess and drift in the Pleistocene appen-
dix). The loess mantle was eroded and dissected during Wisconsinan and post-
Wisconsinan times, and the present topography resulted. 
From ·a central upland on the Galesburg Plain, a few large streams 
drain eastward to the Illinois River and the remainder flow westward to the 
Mississippi. This gently undulating to flat-surfaced plain is in a late 
youthful stage of erosion in which large, relatively undissected uplands are 
still scattered, and the drainage may be poor. Numerous short, steep-sided, 
deep tributaries and gullies are growing headward into the margins of the 
upland areas. 
The much older, consolidated bedrock that underlies the glacial deposits 
in the Milan area consists of 3600 to 4100 feet of sedimentary strata (fig. 1). 
Their thickness varies, depending on the configuration (~uried surface relief) 
of the deep Precambrian crystalline rocks beneath them. The bedrock strata are 
mainly sandstones, dolomites, shales, and limestones that were deposited, 
layer upon layer, in the ancient, shallow seas that invaded the midcontinent 
region during the Paleozoic Era, between 570 and 280 million years ago. The ~ ~ 
Paleozoic strata are divided into major subdivisions known as systems, each of ~ ~ 
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Fig. 1 - Generalized geologic column of strata underlying the Milan area. 
11 U11 indicates a major unconformity. (Not to scale.) 
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which covers a specific period of geologic time. The systems are divided ~nto 
many formations, based on differences in mineral composition and fossil content. 
Natural and artificial exposures in the Milan area reveal 170 to nearly 200 
feet of Devonian and Pennsylvanian strata. Records and samples from a deep 
test well located a few miles to the southeast in Henry County reveal formations 
of Silurian, Ordovician, and Cambrian ages are present. Rocks of Mississippian 
age once covered this part of the Mississippi River Arch, as is attested by 
chert fragments containing Mississippian fossils, which have been found in the 
lowermost Pennsylvanian sediments. Farther south along the arch, Mississippian 
strata are present all across the structure. The lowermost Cambrian strata 
rest on ancient igneous and possibly metamorphic rocks that are Precambrian in 
age--more than 1 billion years old. 
Structurally, the Milan area is at the northwestern margin of the 
Illinois Basin, a large, spoon-shaped bedrock depression that underlies most 
of Illinois and adjacent parts of Indiana and western Kentucky (figs. 2 and 3). 
The Milan area is located just east of the crest of the Mississippi River Arch, 
a low, broad, gentle upwarp of bedrock strata that separates the Illinois Basin 
from the Forest City Basin in western Iowa and adjacent states. Regionally, 
bedrock strata are tilted gently downward to the east and southeast; the slope 
averages less than a half of a degree. (Note: On a flat, horizontal surface, 
a marker bed exposed at the ground surface but inclined downward 1° away from 
an observer, will be 92.4 feet deep 1 mile distant. A dip of 1° is impercep-
tible to the naked eye.) Locally, however, strata have been noticeably 
inclined a few degrees in other directions on smaller bedrock structures devel-
oped on the regional structural slope. There is no known major faulting in the 
area. 
During the formation of the Illinois Basin in the Paleozoic Era, it 
was gradually filling with the Paleozoic sediments. Because the shelf areas 
around the periphery of a basin sink more slowly than the deeper parts of the 
basi~ less sediment accumulates on them. In extreme southeastern Illinois, 
the Paleozoic rocks are more than 13,000 feet thick. During middle Mississip-
pian time, the region now covered by the Mississippi River Arch probably was a 
stable platform separating the basins to the east and the west. In late 
Mississippian time the basins on either side of the platform deepened, making 
the arch prominent. The deepening of the basins possibly resulted from an 
increasing rate in sedimentation. In the Milan region, Mississippian strata 
were eroded from the platform area before Pennsylvanian sedimentation began, 
so that in the field trip area, Pennsylvanian strata lie upon Devonian rocks. 
As noted previously, Pennsylvanian strata are relatively thin in this area, 
not more than 100 feet thick. However, the stratigraphic units found here 
thicken as they are traced southward into the basi.n. In addition, layers of 
younger Pennsylvanian bedrock overlie them to the south so that they have an 
aggregate thickness in excess of 2000 feet. The Pennsylvanian rocks are the 
youngest Paleozoic strata in the basin and may represent the last of the marine 
invasions during the Paleozoic Era. However, it is possible, or even probable, 
that marine conditions could have persisted throughout Permian time to the 
close of the Paleozoic Era about 225 million years ago, when the seas finally 
withdrew from the basin for the last time. Since then, most of the region has 
remained above sea level and exposed to erosion. During this long erosion 
interval, all of the Permian rocks and a considerable thickness of Pennsyl-
vanian strata were removed. The nearest rocks of Permian age occur in eastern 
Kansas, about 300 miles to the west. 
Brief invasions of the sea reached northward from the present Gulf of 
Mexico to submerge the southern tip of Illinois during the Cretaceous Period of 
-·-·-
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100 Miles 
Fig. 2 - North-south cross section through Illinois showing 
the Paleozoic strata in the Illinois Basin. 
0 100 
, I I 
miles 
Fig. 3- Locations of (1) the Illinois Basin, (2) the Mississippi River Arch, 
(3) the Forest City Basin, (4) the Ozark Dome, and (5) the Wisconsin Arch. 
(Arrows point down slope on the structures.) 
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the Hesozoic Era, about 100 million years ago, and agaj_n during the early part 
of the Tertiary Period of the Cenozoic Era, about 60 million years ago (see 
attached Geologic Map of Illinois). These marine invasions did not reach as 
far north as the Milan area. 
Ever since the end of Wisconsinan glaciation, the region has been 
subjected tq erosion by rainfall, melting snow, and, to a le$se~ extent, wind. 
These agents of erosion have moved fine soil particles and coarser rock 
materials--the modern sediments--downslope from the higher elevations onto 
lower lands. The materials formed alluvial deposits (water~laid sediments), 
along stream floodplains. 
· Man has profoundly affected the natural environment i~ the region. 
Initially, he broke the sod cover and tiled the uplands to .drain them, thus 
hastening the erosion process. More modern equipment has made it possible to 
farm farther down the slopes. The vast amount of sediment washed from these 
areas frequently chokes smaller tributaries and hinders the natural drainage 
of the lower parts of the slopes, ultimately affecting their stability. Much 
of the loose sediment thinly mantles muck and peat areas on the floodplains, 
and, unless careful geologic and soils investigations reveal these conditions, 
foundations laid for constructions of various types will be liable to 
settling. 
Small artificial upland ponds and lakes created to make homesites 
more attractive to purchasers may permanently saturate silt layers in the 
loess. Silt layers are normally firm when dry, but they soften quickly when 
wet and lose their ability to support structures. Not only are buildings · · 
near the water affected, but neighboring areas also. In addition, if the 
upper parts of slopes are oversteepened .when basements are dug and the exca-
vated materials are terraced along the edge of the slope, the weight of the 
added material makes the slope unstable and subject to massive movement 
downslope (creep or slump), especially when the material is water logged. 
The more concrete and asphalt that is spread across the land surface, the 
greater the surface-water runoff. Less water is then available to percolate 
down into subsurface layers for recharge of ground-water reservoirs. 
When dams are built for water power, flood control, water supplies, 
and channel deepening for navigation, the flow .characteristics of the river 
are changed. In .addition, the pattern and rate of sedimentation are affected. 
The benefits attributed to new dams, therefore, may fail to materialize for 
many people directly affected by their construction. 
Mineral Resources of the Milan Area 
Since the early days of settlement, minerals have played an impor-
tant role in the development of the Milan area. Many small drift mines 
produced coal for heating and manufacturing purposes. Some of the coal also 
was used by river steamers and railroads. Coal was last mined in Rock Island 
County in 1948, but during the preceeding 67 years in which records were kept 
3,846,169 tons was mined. In 1952, coal reserves for the county .were esti-
mated to be 62.1 million tons. In conjunction with coal mining, underclays 
also were recovered and at one time supported· a vigorous clay products 
industry. Pennsylvanian sandstones formerly were quarried .for building pur-
poses. Limestone was used not only for roads and buildings, but also for the 
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production of lime for use in mortar and plaster. Limestone produced today 
in the area is crushed and used mainly for roads, concrete aggregate, and 
agricultural limestone. 
Ninety-nine nf the 102 counties in Illinois repo-rted mineral 
production in 1972. T~tal value of. minerals produced was $701.2 million. 
Stone was the moet important mineral commodity produced in Rock 
Island County during 1972. Ten quarries were operated, and the county ranked 
9th in the stnte in stone ~reduction. Total stone quarried in 1972 from 317 
quarries in 68 ·counties am~un_ted to 56., 2_60, 000 million tons and was valued at 
$94.2 million. 
Gravel pits in Illinois recovered 17,421,833 tons of gravel in 1972 
from 158 operations in 58 eounties. Total value of the gravel was $22,995,273. 
Common sand production amounted to 17,340,848 tons, valued at $19,429,905, and 
came from 143 operations in 57 counties. Rock Island County ranked 9th in the 
production of common sand and gravel for 1972. 
Ground water is ~ valuable resource to the resid~nts and industry of 
the region, furnishing n~arly half of the water -used. The remainder of the 
water consumed comes. from ~urface _so4rces. -Ground water is recovered from a 
variety of sources • .. ·Drift aquifers tend to be thin and discontinuous through-
out the area and generally yield small supplies of water for farm and domestic 
uses. The upper part of the Silurian dolomite is the most widespread aquifer 
for small to medium water supplies. Deep sandstone aquifers, principally the 
Glenwood-St. Peter (Ordovician) and Iron~on-Galesville (Cambrian) Sandstones, 
which are exposed many mtl~s north of this area, have been the main bedrock 
sources of large water supplies for municipal --and industrial users. Deeper 
Cambrian sandstones probably are too highly .mineralized for most uses. Hhen 
more water is needed in th~ future, the larger cities and industries, espe~ 
cially those along the l~rger streams, will need to recover a larger part of 
their supply from surface water sources, because large volume withdrawals 
from the sandstone aquifers have considerably lowered their artesian pressure. 
0.0 0.0 
0.0 0.0 
ITINERARY. 
Assemble ~long the west side (front) of Thomas Jefferson Grade 
School, 1307 Fourth Street W, Milan. Head north on West Fourth 
Street. 
Stop 1. A self-conducted tour of the street geology .at Thomas 
Jefferson. Elementary School. (Nl-1 l/4 .SE 1/4 NE 1/4 Sec." 26, 
T • 17 N . , R ~ 2 ~L , Mi 1 an 7 . 5 ' • 
Environments whi~h humans build contain many things of interest to 
students of geology. A walk along a street or around a building reveals a 
variety of earth materials, some native to the place but most processed and 
brought from other areas tn be put into the constructions. There will be a 
number of features showing hQW human constructions and natural and processed 
earth materials break down and change in surface environments. Many features 
will be found that contain structures revealing their origin and s~quences of 
building, breakdown, a~d rep3ir event~. In short, the street .Provides ample 
material to -begin schqoling in the methods an4 subject matter of geology, and 
it is a place easily accessible to stude~ts of all ages and resources. 
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The purpose of this stop is 
to demonstrate this idea by providing 
a geological science field trip in t he 
school grounds. The map (fig. 4) showR 
the locations of the numbered points 
of interest discussed below. Please 
go to Point 1, the southwest corn.e~ of 
the school, and proceed at your own 
pace. 
Point 1. Examine the con-
crete sidewalk here, thinking about · 
these questi.ons: When was the sidewalk 
made? From looking at the concrete, 
what would you say it is made of? 
What evidence can you see in the con~ 
crete to determine whether it formed 
from a fluid or a solid mass? (If · 
possible, use a lOx handlens or 
magnifying glass to examine the con-
crete and the other materials studied 
on this tour.) 
Concrete . is made by mixing 
certain proportions of sand, gravel . 
or broken stone, water, and cement to 
make a pasty fluid that hardens some 
hours after it is mixed. The cement 
which binds the solid parts together 
is made by pulverizing the clinker 
that forms when limestone is fused 
with clay or shale at red heat. Cement 
mixed with water hardens because the 
minerals made by heating combine with 
water to form new minerals that grow 
crystals--the crystals interlock to 
bind each other and the other solids 
into a rock-like mass. 
Concrete resembles a kind of 
sedimentary rock called conglomerate, 
and closely studying a piece of con-
crete will help one learn to recognize 
the natural rocks that c.ontain sand, 
gravel, or rock fragments. Wet con-
crete is also like mud and other nat-
ural soft sediments in that it often 
preserves traces of living things on 
its surface. Traces and remains of 
prehistoric life preserved in rock are 
called fossils , but such features in 
concrete are not old enough to be 
fossilso Perhaps, they can he called 
"quasi-fossils"; : that is, "seeming" 
fossils. The contractor's mark on the 
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corner of the walk is an "index quasi-fossil" because it tells when the concrete 
was poured. The tool marks on the walk's surface are also like trace fossils in 
natural rocks, being traces of a life activity but not a body_ fossil · (that is, 
the remains or impression of· the remains of an animal or plant). 
The cracks in concrete, like joints in rock, are near vertical frac-
tures along which there has been no apparent movement. Concrete, like rock, is 
only slightly elastic and breaks under pressure or impact. 
Point 2. Under the second window from the corner, the concrete 
foundation shows the wood grain of the plywood form it was poured in. What seems 
to be the impression of the plywaod company's trademark shows on the foundation 
between the ventilator and the first window. These features are also quasi-
fossils. 
Point 3. Examine the bricks in . the wall closely. What kinds of 
material can you see that the bricks cont.ain? What features indicate how the 
bricks were made? In what ways do these bricks differ from and resemble other 
bricks? 
Bricks are -made by molding a clay-rich mud into blocks and firing them 
in a kiln until the very fine quartz grains and clay mineral grains in the mate-
rial fuse. Firing causes the original materials to combine to some extent and 
form new minerals. 
Brick is a synthetic stone that resembles some natural metamorphic 
rocks: shales fired underground over burning coal beds and those baked by 
contact with molten rock, for example. The surfaces of a brick often bear 
marks that show how it was formed and handled before firing. Its color, sur-
face texture, and shape (bloated, warped, undeformed, etc.) are the result of 
its composition, now it is stacked in the kiln, and the kiln temperature and 
atmosphere in' its vicinity. Decorated textures are applied to some bricks • . 
The faces of the bricks expo.sed in the school walls have a rough, 
sandy texture. Evidently this is an applied coating because here and there 
chipped places reveal a redder, finer-grained surface under the sandy one. 
Examine the mortar between the bricks. How is the sand in the mortar 
different from and like the sand in the bricks, or the sand in the soil around 
here? What is the shape and surface texture of most sand grains? How many 
different kinds of sand grains do you find? 
Mortar is a bonding material that holds the bricks in a wall together. 
Mortars today are made by mixing cement, sand, and water. Cement makes a much 
stronger mortar than lime, which was generally used in masonry before this 
century. 
The sand, gravel, or ·broken stone--the aggregates--in a mortar or 
concrete come frqm pits and quarries near the construction, and so these syn-
thetic rocks indicate some of the commercial stone products that occur or are 
available in a place and something about ·the local geology. The sand in the 
mortar and concretes made in the Milan area contains -many different miner~l~, 
most of which have been worn by weathering and stream erosion from the igneo~s 
and metamorphic rocks brought from Banada and our northern states by glaciers. 
A transparent pink, · red, or orange sand grain can be garnet. A green grain · 
may be either hornblende, or epidote; an opaque, black grain, either ilmenite 
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or magnetite. Clear and light to dark brown flru<es are mica. However, most of 
the sand grains are quartz and feldspar, quartz being the more abundant. Quartz 
grains are clear and faintly yellow or colorless. Feldspar grains are translu-
cent white to gray or pink. 
Point 4. Examine the slabs that cap the planter box walls. · rs the 
material concrete? What kind of grains make up the material? Where could 
grains like this be formed? What is the brownish gray crust on parts of it? 
The slabs are limestone, a sedimentary rock. The visible rock grains 
are shells, shell fragments, and pellets that were formed, washed about, and · 
deposited in an ancient sea. This stone is Mississippian in age, having been 
deposited between 305 and 350 million years ago. These slabs and others used 
in the school were quarried at or in the vicinity of Bedford, Indiana. One of 
the trade names for the stone is "Indiana Limestone." It has been a very pop-
ular cut stone for many years, so pieces of it are easy to find in Midwestern 
buildings. Limestone deposits of the same age occur in Illinois and are 
quarried for broken s·tone, lime, and ·also at times for building stone. 
The brownish gray crust on the surfaces of the slabs are colonies of 
plants called lichens. Lichens grow on bare rock surfaces because they can 
live for periods with little water and can obtain nutrients by dissolving the 
rock with the carbon dioxide and other substances they produce in growth. The 
lichen crust and windblown dust that lodges in it tend to keep moisture in the 
rock, which also promotes rock decay or weathering. 
Walking on around the planter to Point 5, look at these features: 
A. The rust stain running from the base of the flagpole. In the 
atmosphere, iron and most iron alloys and iron compounds, many of which are 
gray, green, or black, combine with oxygen to form the brown iron compounds 
commonly identified as "rust." Several different iron oxide minerals make up 
rust and the rusty earths, but it is customary to give these substances one 
mineral name--limonite. Iron is an abundant element in the earth's crust--
abo~t 5% by weight--and most of the green, gray, and black hues and rust brown 
hues in rocks are due to its presence. 
B. The white stains on the west wall of the planter box are deposits 
of water soluble salts left where water seeped through the masonry and evapo-
ated. This feature is called efflorescence and usually does not damage a 
structure. The salts are commonly sulfates that can be found in brick, mortar, 
stone, and earth. What is the water seeping through here? 
C. After examining the masonry at the northwest corner of the planter 
box, can you tell how it was damaged and repaired? 
D. The finished surface of the concrete walk is gone and the coarse 
aggregate is exposed. Why· is there a thin, fine-grained surface zone on con-
crete walks? What has removed the finished surface? (Perhaps salt. Salt 
scattered to melt ice can cause chips to pop off the surface--when the salt 
dissolves, the salt solution soaks into the concrete, and when the water in 
the concrete evaporates, salt crystals growing between particles in the con-
crete break them apart.) 
Compare the surface textures of the different sidewalks in front of 
the school. Water running over concrete corrodes and erodes it. Compare a 
new walk with an old one. 
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Point 5. Step inside the main door and look at the terrazzo floor. 
Terrazzo is made by m~~ing cement and chips of wear-resistant stone (usually 
marble, limestone, or serpentine) selected for their attractive colors. After 
the mixture hardens it is ground smooth and polished. 
The window sill south of the door is "Indiana Limestone." Inside, the 
sill has been protected from weather and kept dry, so its surface is smooth and 
fresh. In contrast, the outside surface of the sill is weathered--corroded and 
discolored by exposure to moisture and the growth of lichens. Compare the 
different sides of the sill to the slabs on the planter box, which are in addi-
tion exposed to rain. Rain in an unpolluted atmosphere is a weak acid solution · 
of carbon dioxide and water that dissolves calcite (calcium carbonate, Caco3), 
the mineral that makes up limestones. In a polluted atmosphere, rain picks up 
chemicals that make it even more acid and injurious to stone. 
Point 6. The southeast corner of the front entry. The fauce.L fg.,-
coated with malachite, a green mineral that is one of the common ores of copper. 
Malachite is a basic copper carbonate [Cu2co3(0H) 2J that forms when copper (or 
the copper in an alloy) combines with water and carbon dioxide. The vivid green 
color is characteristic. 
A long step out from the corner is a large rusty pit in the concrete 
floor. This feature is a popout. Popouts occur when pieces of stone buried 
near a surface of a concrete structure swell and break out a flake of concrete. 
Typical popouts are shallow, cone-shaped pits. Usually, part of the stone that 
made the popout is still in the bottom of the hole. Curved cracks as much as 
several inches long often show where popouts are beginning. Examine this pop-
out and the many others in the sidewalk and entry floor. 
In our state the common ironstones are rocks made of pyrite (iron 
sulfide, FeSz) and siderite (iron carbonate, FeC03). Ironstone pebbles swell 
when they weather because water and oxygen turn siderite and pyrite to limonite, 
which has a larger volume than the original minerals. Because ironstones are 
common in the shales of the Pennsylvanian rocks that underlie about three-
quarters of Illinois, glaciation and stream erosion have mixed them into our 
gravel deposits and they are very common in some places. 
Popouts caused by pyrite are rust-stained. The pyrite fragments in 
the bottom of such popouts are often greenish gray and tarnished, and if they 
are rubbed across concrete or a streak plate they leave a greenish-black streru~. 
Popouts caused by siderite have earthy, rust-brown pebbles in their bottoms. 
The pebbles often are layered and their layers are different ocherous colors. 
These stones have rust-brown streaks. A knife or common nail will scratch 
ironstones. 
Many popouts are caused by chert pebbles. Cherts are usually brown, 
white, or light gray rocks that a knife or common nail will not scratch. They 
break with smooth, slightly curved, grainle·ss fractures. Such fractures are 
well shown on Indian arrowheads which are made of chert. Chert occurs as 
nodules and thin layers in limestones and dolomites, and the weathering and 
.osion of these rocks produces an abundance of chert gravel. Some chert 
pebbles in concrete absorb moisture and then swell and pop out when they are 
frozen. Some chemical compounds in concrete apparently cause chert pebbles 
to swell and pop out. A reaction between hydrated silica in chert and sodium 
compounds in the cement can produce sodium silicate and an accompanying 
increase in volume. 
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Point 7. (About 6 steps north of the corner.) The foundation of 
this wing is a coarse-grained "Indiana Limestone." At this point, under the 
first window, is a section of an animal shell filled with calcite crystals-
it looks like a pair of parentheses: ( ) What is causing the wavy stains on 
the foundation? 
Point 8. The north entrance. Why is the low wall at the west end of 
the stair falling over? Has its foundation settled or been undermined? Was the 
wall pushed over? 
0.0 o.o 
0.3 0.3 
0.5 0.8 
0.15 0.95 
0.1 1.05 
0.3 1.35 
0.9 2.25 
0.35 2.6 
0.5 3.1 
Leave Stop 1. Proceed north on West Fourth Street. NOTE view 
across the Rock River Valley as you descend the hill. The 
high area ahead is the western part of the Rock Island upland. 
CAUTION, stop light. TURN LEFT (west) en \vest lOth Avenue 
(Illinois Route 92). 
CAUTION, railroad crossing. Continue ahead (west) on Route 92. 
CAUTION, prepare to turn left. 
CAUTION, TURN LEFT (south) and immediately cross unguarded 
railroad crossing. 
BEAR RIGHT (southwest) on Ridgewood Road. 
TURN LEFT (east) on 92nd Avenue. 
STOP. TU&~ LEFT (north) on 84th Street. 
Stop 2. Pleistocene deposits exposed on east side of new 
roadcut for 84th Street. (NE 1/4 NE 1/4 SE 1/4 Sec. 26, 
T. 17 N., R. 2 W., Milan 7.5' Quadrangle.) 
Origin of the deposits and features exposed in the roadcut. Geologic 
events of the last four stages of the Pleistocene Epoch are represented by 
deposi t s and features exposed in this roadcut. The outcrop is described by 
Figure 5. 
The oldest glacial deposit visible is the Kellerville Till Member 
of the Glasford Formation, which is the layer that makes up the lower 25 feet 
or more of the exposure. The Kellerville Till was deposited during the 
Illinoian stage by a glacier that flowed from a central Canadian icecap, 
advanced through the basin that now holds Lake Michigan, and moved southwest-
ward across the state. Only the first advance of the Illinoian glaciation--
the Liman Substage-reached the Hilan area, and it was the last glacial 
advance to do so. 
The several feet of gravel at the base of the Kellerville outcrop 
is outwash deposited by meltwater flowing away from the glacier before the 
ice reached this place. The till above the outwash is sediment that was mixed 
in the glacier's ice and deposited when the ice melted. The Illinoian glacia-
tion is estimated to have begun about 300,000 years ago and lasted until about 
175,000 years ago. 
The Illinoian Stage was followed by an interglacial stage, a warmer 
period evidently much like our time, during which the glaciers melted. The 
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interglacial stage is called the Sangamonian Stage and is thought to have 
lasted about 100,000 years. The Sangamonian Stage in this outcrop is not 
marked by a deposit of sediment, but by the soil zone at the top of the till. 
The Sangamon Soil developed from the top of the till layer as living things 
began to inhabit its surface and upper zones and as water and air penetrated 
the deposit. These agents altered the till deposit--they weathered it--and 
changed its color, composition, and texture. 
About 75,000 years ago the earth's climate cooled again and the 
fourth glaciation began. The Wisconsinan glaciers entered the northeastern 
quarter of Illinois through the basin of Lake Michigan but did not reach the 
Milan area. The 20 feet or more of sediment above the till in this outcrop 
are deposits of dust and silts that were largely laid down by winds during 
this glaciation. 
The first several feet of silt and clay above the till were 
probably deposited during the first advance of the Wisconsinan glaciers (the 
Altonian Substage) and the following brief interglacial period (the Farm-
dalian Substage). These units, however, are labelled in Figure 5 as "Peoria 
Loess ?" because deposits of Farmdalian and Altonian ages were not distin-
guished when the section was studied. 
The upper and thicker part of the Wisconsinan deposits, the Peoria 
Loess, was deposited during the Woodfordian glacial substage, which began 
about 22,000 years ago and ended about 12,500 years ago. It is a deposit of 
dust blown from the flood plains of the glacial meltwater rivers that ran in 
the Mississippi and Illinois Valleys during the Woodfordian glaciation. 
The Wisconsinan glaciation ended about 7,000 years ago with the onset 
of the present warmer global climate. This last interval of the Pleistocene 
Epoch . is called the Holocene Stage. We live in the Holocene Stage, and the 
feature in this outcrop that has developed during the Holocene Stage is the 
modern soil profile growing in the top of loess from the present land surface . 
- 13 -
The study and analysis of Pleistocene deposits 
About 90% of Illinois is covered by glacial drift, and drift is 
probably the earth material most heavily and variously used in our state. It 
supports our constructions and supplies much of our water and sand and gravel, 
it is the growing medium for crops, and it is the container for most of our 
solid-waste materials. As time passes more and more people seek to use it, 
and the question of its capacity to sustain our use (and abuse) requires 
specific answers. Much work is being done at the Illinois State Geological 
Survey to define the boundaries, determine the qualities, and discover the 
resources of the drift deposits. Figure 5 displays in the table on the left 
side of the section the kind of information often developed during these 
studies. 
First, look at the columns of numbers on the left side of Figure 5. 
A grain-size analy&is (column A on tqe table) is performed by sieving a soil 
sample and measuring the relative quantities of gravel (not shown), sand, 
silt, and clay in it. The silt and clay separation is determined by hydrom-
eter analysis. An X-ray diffraction analysis (columns Band C), which deter-
mines the relative amounts of clay minerals and carbonate minerals in a sample, 
is made by rotating a sample of an X-ray beam and recording the various 
intensities of radiation reflected by the various minerals in the sample 
during its rotation. The results of these aJalyses can be used to identify 
the layers of drift deposited by different glaciers if the deposits of each 
glacier prove to have a regionally distinctive, recognizable grain-size and 
mineral composition. Such is often the case, because each flowing glacier 
ground the rock and earth it picked up into a very homogeneous mixture and 
because the glaciers that flowed into the state came from several different 
directions and moved over different materials. Therefore, in small regions 
made up of several counties the grain size and mineral composition of a 
particular till will often be consistent. 
The table of analyses in Figure 5 is based on samples taken from a 
part of the roadcut that was near the present outcrop but has now been removed. 
However, the table can be used to illustrate the character of the till now 
exposed. Samples 8B and 9T are the least weathered samples, but the outcrop 
at present shows deeper and fresher till. Samples 4 and 5 are the most 
weathered, being in the Sangamon Soil zone. Note the differences in the 
analyses: calcite and dolomite are absent in the top samples. The amount 
of expandable clay minerals increases upward because, in general, the other 
A B c 
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PLEISTOCENE SYSTEM 
WISCONSINAN STAGE 
WOODFORDIAN SUBSTAGE 
PEORIA LOESS 
Loess~ pinkish brown,noncalcare~us; grades into: 
Loess, tan with Pinkish cast, noncalcareous; becomes less clayey downward. 
Loess, tkani ,dvhery ifinbelytsil ty,1 calcareous; scattered loess n c en n ot om 2~ • · 
PEORIA LOESS ? 
1 r 10" Silt, brownish gkray, fine, calcareous, fncrea£lingly 
----If; clayey and dar er downward; contains rregular 
--- limonite streaks and shell fragments; graaes into: --~--~ 1 1 Clay~ f~intly bedded, smooth, ~alcareous, gray with -~----- ;:;; Sl~ght maroon cast; has shell fragments. 
_=--_:--==--~- 1 r 6" Silt.; calcareous in to2 half but not in remahnder, 
------~~ manganese bl~bs in 3 zone 2 from basw; very ~ _ - _ ;,;;:.! pronounced limonite stain in basal 1. 5 . 
TOP- OF TILL UNIT·- ~ 
4 27 34 39 56 20 25 
--v meaiurn yellow gray, wery har~ in basal 1.5 ; 
----. - SANGAMONI~N1STAGE - S~il zone in top 20'± of Kellerville --1=--:....,~s,.....= . ..:;;~;:;,.'?....:;· =.~~ .... ~. ILLI~OIA~1~TA:;mber. . 
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24 42 36 22 1 ? 10 
32 29 39 41 20 
36 27 38 38 24 
BASE OF SECTION 
6 16 
8 14 
A - %of sand, silt , and clay in less 
than 2mm fraction of sample 
(totals 100%) 
B - Clay mineral analysis (totals 100%) 
EX = % expandable clay minerals 
I = % illite ::...---·-
K+C = %kaolinite and chlorite 
- 30 1 
- 40' 
-50' 
C - C~unts per second of calcite and dolomite 
dolomite 
{ _ - ~ KELLERVILLE TILL MEMBER (of the Glasford Formation) 
0 
. 1 , . 3
1 3" Till.;, n¥ncal%areogs, oli~r gtag, mottled wi thtgfaY 
. , ana sc~~~erg~;sm~Ilapebb£esri~nt~~a1off~n~o~taig~ 
· \ · 0 · much iron staining and manganese blebs; becomes 
, · ·~ , more pebbly and tougher downward. 
16 1 6" Till, tough and hard, very similar to above but ~ 0 gra~er, with irfiegular mottlings of limonitei· 0 . 0 pebules up to ~ 1n diameter; no manganese b ebs. 
_, · . 7" Til~, medium gray, very pebbly, with pebbles up to 
c · ~ in diameter , calcareous, slightly silty, very 
. ~ . cl ~ . . i.~ ~ -; 5" ?ugh. 
v Till, yellot..rish brown pebbly , calcareous . 
. . . ~. ' / 
· " .. . ,. . 2 1 6" OutHash gravel.z. <;alcareous; base concealed. NOTE: -~- "';'-;:-- -/ bottom of cu" 1s sandy but contains pea-sized 
~ o_ 0 0 ~ 70 - and larger fragments of gravel. 
<>o:. t> · o 
-- - - - - - --....... ____ . 
_ _ bottom of cut 
Fig. 5 - Composite section of Pleistocene units exposed at Stop 2. 
Table of analyses from till part of R.C. Anderson section RCA 3-69 
compared to condensed description by D.L. Reinertsen (1974). 
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clay minerals alter to expandables as they weather. The amount of clay in the 
less than 2 mm fraction of the samples increases upward as the sand fraction 
decreases, pr9bably because the sand-sized grains are broken down by weath-
ering. (The grains in the till that have diameters larger than 2 mm, the 
conspicuous pebbles and cobbles in the outcrop, were not measured in the 
analyses.) 
Direct examination of the till itself reveals other points. The 
"fresh" color of newly deposited till is gray or a tone of gray. The color 
of the gray zone at the base of the exposure indicates that the till in that 
zone is "fresh," perhaps only a little weathered. The color of a till layer 
is often used to distinguish it from other till deposits, but this criterion, 
like others, must be used cautiously. Above the gray zone the color of the 
Kellerville Till changes. Weathering has produced yellowish-brown hues. The 
term "weathering" includes all influences of climate and activities of orga-
nisms that cause physical and chemical changes in earth materials. In a 
newly deposited till layer, weathering begins at the exposed surface and 
progresses downward as air and water seep down and as organisms inhabit the 
surface zone. Color changes caused by weathering are often conspicuous--as 
they are in the upper parts of the section--because earthy yellow, brown, and 
red hues are produced by the oxidation ("rusting") of the ubiquitous iron-
bearing minerals. 
The pebbles in the till came from rock exposures that the glaciers 
moved across as they flowed from Canada. Consequently, they are a mixture 
of rocks native to this area and rocks from the region generally north and 
northeast of here, extending into Canada. 
Tills in Illinois contain large quantities of calcite and dolomite 
picked up by the glaciers when they eroded wide belts of exposed limestones 
and dolomites, which are composed largely of those minerals. Dilute (10%) 
hydrochloric acid dripped .downthe face of a till exposure fizzes and froths 
wherever it touches these minerals. If the acid causes no reaction, calcite 
and dolomite have• been leached out of the till by ground water. The acid 
test produced no reaction in the upper part of the till indicating that the 
zone was leached. The loss of calcite and dolomite from a till also alters 
its look and feel. 
0.0 3.1 
0.1 3.2 
0.3 3.5 
0.3 3.8 
0.25 4.05 
0.5 4.55 
0.25 4.8 
0.3 5.1 
Leave Stop 2. Continue ahead (north) on 84th .Street. 
CAUTION, cross narrow bridge. 
STOP, intersection \vith Ridgewood Road. BEAR RIGHT (north) • 
STOP, intersection with 73rd Avenue (Illinois 92). DO NOT STOP 
on railroad tracks. TURN RIGHT (east) on 73rd Avenue. 
CAUTION, railroad crossing. Continue ahead (east). 
CAUTION, stop light at Hest 4th Street. Continue ahead. 
CAUTION, stop light at intersection with U.S. 67. Continue 
ahead (east). 
Prepare to turn right. 
0.1 5.2 
0.1 5.3 
0.15 5.45 
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TURN RIGHT (south) at entrance to Collinson Stone Company 
quarry. 
BEAR. LEFT toward scale house. 
Stop 3. Exposures of Pleistocene, Pennsylvanian, and Devonian 
strata exposed in this quarry. (NOTE: You MUST obt.ain per-
mission to enter this property when you are on your own field 
trip. Check at scale house - SE 1/4 SE 1/4 NE 1/4 m~ 1/4 
Sec. 25, T. 17 N., R. 2 W., Hilan 7.5' Quadrangle.) 
CAUTION: DO NOT APPROACH THE EDGE OF THE MAIN QUARRY. Look 
where you step and watch what is above you on the upper level. 
Strata exposed by quarrying operations here include slightly more 
than 100 feet of }fiddle Devonian limestones that are divided into about 35 
feet of Wapsipinicon Formation in the deeper part of the quarry and about 
58 feet of overlying Cedar Valley Formation (fig. 6). The limestones com-
posing these two formations accumulated in warm shallow seas that covered 
the midcontinent region about 370 million years ago. Although initially it 
would appear that conditions of deposition were fairly constant for long 
periods so that thick limestones could accumulate, a closer examination of 
the Wapsipinicon shows that it contains a considerable amount of brecciation. 
The brecciation has been interpreted as being the result of the removal of 
soluble beds, such as gypsum or salt. Their removal then caused the collapse 
of the overlying limestone layers. Significantly gypsum is currently being 
minedfrom the Spring Grove Member of the Wapsipinicon at Mediapolis, Iowa, 
less than 50 miles to the southwest. If the removal of an evaporite bed 
were the actual cause of brecciation, it would appear that the formation 
accumulated in a restricted basin of deposition, such as a large lagoon. 
The water temperature and salinity would have been high because there was 
no open circulation with the deeper oceans near by, and conditions were 
right for the deposition of evaporite materials. The scarcity of fossil forms 
indicates that the water could not support life. Since brecciation and con-
torted bedding is restricted to the Wapsipinicon, removal of the . soluble 
evaporite materials must have preceded the deposition of the overlying Cedar 
Valley. 
The Cedar Valley Formation must have been deposited under much 
different conditions. The absence of brecciation and contorted bedding and 
the presence of abundant fossil forms indicate that the seas were shallow, 
warm, a~d open to free circulation. (Fossil collecting is best from the 
bench, upon which you are standing, upward.) 
At the close of the Devonian Period, when the seas withdrew from 
the midcontinent region, strata in this area were subjected to erosion before 
the Mississippian seas advanced across the region. Although strata from this 
latter sea advance have not been identified from this vicinity, chert frag-
ments from the overlying basal conglomerate of the Pennsylvanian Period 
contain fossil fragments indicative of the early and middle portions of 
Mississippian time, indicating that Mississippian sedimentation did occur in 
this area. After Mississippian sedimentation ceased in this region, the land 
surface again stood above sea level and was so extensively eroded that all 
l1ississippian rocks were removed, except for the relatively insoluble chert 
rubble. A very uneven topography was developed so that when shallow seas of 
the eu~ly Pennsylvanian Period encroached upon the region, new sediments did 
not blanket all earlier strata. The higher hills and knobs of the older 
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Sandstone; sandy greenish shale in s~luti?n cavities. 
Limestone, gray to buff. Cyst~dictya, Strophe0donta, Splri~ 
fer _. Bioherm \-Jith Hexagonari~, Cystiphyllum, Favr>sites, 
Cladopora and Atrypa common. 
Limestone, gray to buff, d~lomitic; c0ntains abundant crino~ds 
and some micro-conglomerate. 
Many stromatopor~ids and bry,zoans in addition to 
fossils listed above. 
Limest~ne, greenish gray to buff-gray, fine grained, argil-
laceous, massive; t-rea thers readily, oblique joints 
prominent. 
Relatively few fossils. 
Fossils present but not abundant. 
Limestone, greenish gray to grayish brown, fine grained; 
argillaceous to shaley partings; weathers easily; fossi1-
iferous. ~trypa. Strophodont~, Leptostrophia, Chgnet~~, 
Spirifer, Schizophoria, Pentamerello, Heliophyllum, 
Cystiphyllum, ~avosites, Productella, also crinoidal. 
Limestone, grayish brown, sublithographic to fine grained, 
very fossiliferous (Astreospongia, stromatoporoids, 
Heliophyllum, Favosites); weathers with brotm splotches. 
Limestone, very light gray, lithographic to sublithograph.:!.:::, 
brscciated; pyri~ic sandy streaks. Grades down to 
brownish gray lithographic limestone. 
Limestone, very light gray to light gray, lithographic t o 
sublithographic, hard, brecciated t0 bedded. Stylolitic . 
Limestone, br~wn to brownish gray, sublithographic; c0nt~ins 
thin light-colored laminae. Stylolitic. 
Limestone, brt.>vmish gray, subli thographic; fractures 
often calcite-filled; s~me pyrite. Stylolitic. 
Limestone, gray, lithographic, brecciated Hith c'Jntorte d. 
bedding. 
Limestone, light buff, very fine grained, dol0mitic, wavy ; 
~hin, and slabby bedded. 
Limestone, blue-gray to brownish gray, medium to coarse 
grained, locally brecciated; thin dark wavy laminae at 
top; dolomite in lovJe r part. Numerous cavities contain 
crystals of pyrite, calcite and quartz. 
Fig. 6 - Stratigraphic section at Milan Quarry, Collinson St0ne Company. (Modified from 
Collinson, c t al., 1967, 31st Tri-State Ge~logic al Guidebook, p. 15, fig. 8.) 
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topography must have been low islands in· the ·sea Stream channels, sink. 
holes, and caves developed on and in . the old eroded surface w·ere the ·firs·t to 
receive the earliest Pennsylv~nian sediments, which consi$ted of sands, silts, 
and muds that later formed sandstone, siltstone, and shale. 
Pennsylvanian deposits noted at this quarry seem to be only sink 
hole fillings, although as the quarry is extended farther south and west, 
more extensive Pennsylvanian strata should be encountered. Because of 
slumping, the exact relations are not always visible, so it is possible 
that the Pennsylvanian strata in the southwest part of the quarry highwall 
could be located in a shallow stream channel on the old surface. (Note 
attached Pennsylvanian appendix.) 
Overburden exposed along the southwest part of the quarry reveals 
possible Kanaan and Yarmouthian deposits beneath Illinoianj Sangamonian, 
Wisconsinan, and Holocene materials (fig. 7). 
0.0 5.45 
0.25 5.7 
0.2 5.9 
0.1 · 6.0 
1.4 7.4 
0.1 7. 5 . 
8.25 
0.1+ 8.35 
1.25 9.6 
0.15 9.75 
0.8 10.55 
0.6 11.15 
0.55 11.7 
1.45 13.15 
0.1 13.25 
1.0 14.25 
Leave Stop 3. Retrace itinerary to lOth Avenue. 
STOP. TURN RIGHT (east) on East lOth Avenue. 
Cross Mill Creek. Prepare to turn left. 
TURN LEFT (east) on Rock Island County Highway JJ. 
Borrow pit in Pleistocene materials on right. 
The itinerary is along the area covered by glacial Lake 
Milan, which will be discussed later. Note the view of the 
Quad-City Airport, which is situated on the old lake bottom. 
Entrance to Indian Bluff Forest Preserve·. Continue ahead (east). 
The roadcut on the right is cut into Pleistocene materials and 
has produced an unstable slope that is difficult to maintain. 
Poor drainage and abnormally wet conditions have combined to 
cause the unstable, loose materials to slump, filling the 
ditch and further impeding drainage. 
STOP. Junction. Coal Valley Road and U.S. Route 150. TURN 
RIGHT (south) 
Abandoned ·borrow pit in Pleistocene silts to left across creek. 
To the right is an exposure of Pennsylvanian gray shale over-
lain by slumped Pleistocene till and loess. 
CAUTION. Enter town of Coal Valley. Continue ahead on U.S. 150. 
Leave Coal Valley. 
Prepare to turn left. 
CAUTION. TURN LEFT (east) on blacktop road. 
The upland surface through this part of the itinerary is very 
gently rolling and the valleys have steep sides with little or 
no development of flood plains. The area is in a youthful 
stage of its erosional histor)r. 
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PLEISTOCENE SERIES 
WISCONSINAN STAGE 
WOODFORDIAN SUBSTAGE 
PEORIA LOESS FORMATION 
Silt, sl.ightly clayey, platy, gray-brown, compact leached. 
Silt, clayey. buff-brown, leached; blocky structure well developed 
in upper 3 1 ; slight columnar structure below. 
Silt, crudely bedded, buff, calcareous;. contains carbonaceous 
flakes ·;- contains scattered gastrop'lds in l'lwer 5. 5'. 
EQUALITY FORMATION - (Lake Milan sediments) 
Sand, leached, silty in upper 1', irregularly bedded with bedding 
emphasized by alternating gray and orange bands; prominent iron-
cemented band 1.51 to 2.0 1 below t~p; becomes increasingly silty 
and calcareous toward base. 
SANGAMONIAN STAGE 
GLASFORD FORMATION 
BERRY CLAY MEMBER - Clay, silty, blue-gray, \veakly calcareous; 
sharp top contact, lower boundary transiti'>nal. 
Silt, clayey , sandy, bro~tm, leached; scatte-red pebbles; c'llluvium. 
ILLINOIAN STAGE 
LIMAN SUBSTAGE 
GLASFORD FORMATION 
KELLERVILLE TILL MEMBER - Till, clayey, silty , sandy, pebbly, 
m~ttled gray-red-brown, leached; contains igneous gh?sts 
( Sangamon Soil) . 
Till, sandy , pebbly , mottled gra y-red- br'Jt-m , v!eakly calcar e ous a t 
base; c?ntains min0r sand lenses; (Sangam~n Soil). 
Sand, fi ne grained, vrhite with "range bands, leached. 
Silt, sandy, calcareous, 'lrange and gr·ay streaked; irregularly bedded 
· · Sand, medium grained, buff-tan, cal .:!areous; irregularly bedded . ·o~ .. . )}·: Till I calcare '>US I sandy, pebbly , gray with 311 layer of buff sand in 
·. I .. 
_ . · 0 . · "\ middle . 
·{::, ·J . ·0 . . Sand, medium grained, calcareous, buff-tan , irregularly bedded. 
· '- · -.-..6 Till, sandy, pebbly, calcareous,. gray ; scattered \-JOod fragments. 
---;. -~ ~ YARMOUTHIAN STAGE ? 
6-& ~~::J Silt, clayey, dark gray, weakly calcareous; upper 0.5 1 irregularly Cb· ~ - ~~ ~ bedded _and has light gray streaks; abundant wood fragments in 
2:.£}c:>_::.&>:1 ---- zone 1' frQm t op. 
,'l..J;:;7A' ' ' :0 1 }::... ·o: c:::i ·e>J KANSAN STAGE ? 
Conglcmerate; Hell rounded igneous, metamorphic, and limest~ne pebble ~ --,......-..,.._J-;~ 
J. I T  up to 2 11 in diameter; strrmg irori oxide cement; angular limestone 
I I \ 
rubble a t base . 
PENNSYLVANIAN SYSTEM - Sin}:¢ole and <ave fillings of shale and sandstone. 
DEVONIAN S YSTErl! - Limes tone . 
Fig. 7 - Overburden at southwest c :-:>rner f')f Milan Quarry , Collil'_ls"n Stone Company. (MQdified 
fr,.,m Edmund, et al.. 1967, Tri-State G·'-' ()l ogical Guideb"lok, p. 17, fig. 10.) 
0.85 15.1 
0.25 15.35 
2.0 17.35 
0.05 17.4 
0.7 18.1 
0.8 18.9 
0.1 19.0 
0.55 19.55 
0.15 19.7 
0.1 19.8 
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STOP. TURN LEFT (nort h). 
WDLM radio tower to the left. Northwest of this tower, 0.25 
mile, is the site of the abandoned .shaft of Cook's Gem Coal 
Company, which lvas sunk to a depth of 130 to 140 feet in 
1939. The Rock Island (No. 1) Coal Member of the Spoon 
Formation (Pennsylvanian) averaged about 4'2" thick in this 
mine. The mine "tvas last operated in 1959. 
The gob pile to the right is the site of the abandoned Crescent 
Coal and ~lining Company shaft that was sunk to a depth of about 
100 feet. The Rock Island Coal mined here ranged from 30 to 40 
inches thick. The mine was last operated in 1942. The gob 
pile contains rock removed when the shaft was sunk and waste 
rock picked out by hand when the coal was brought to the surface. 
CAUTION, bad place in road. Slumping of the roadbed, brought 
on by excessive rainfall, has broken the road badly. To the 
left in the field a series of small "steps," or terracettes, 
have formed as a result of slumping and rotation of Pleistocene 
materials in the hil1slope, probably at the same time that the 
road was affected. 
STOP. TURN LEFT (west) on U.S. Route 6. 
Prepare to turn left. 
TURN LEFT (south) at entrance to Oakwood Country Club. Ascend 
hill to parking lot and turn around. 
Oakwood Country Club parking lot and clubhouse. For your own 
field trips YOU MUST GET PEID1ISSION to examine the strata 
exposed along the club's access road. There is a small turn-
around at the south end of the parking lot. 
To the left, Pleistocene deposits have slumped, blocking the 
ditch. 
Stop 4. Exposures of Abbott and Spoon Formations along road 
and tributary to Rock River. (l.J" 1/2 NW 1/4 Sec. 20, To 17 N., 
R. 1 E., Henry County. Coal Valley 7.5' Quadrangle.) 
Units of the Pennsylvanian Spoon Formation and Abbo t t Formation are 
exposed in the creek on both sides of the bridge and in banks along the road. 
There is no single vantage point from "tvhich to see the whole section at once, 
but Figure 8 illustrates the units present and sumntarizes their characteristicso 
The 19-foot dark gray to black shale unit at the base of the Spoon Formation is 
at the bridge and is well exposed on the south side of it. Walking upstream 
in the creek bed (south) from the bridge, one encounters the units above the 
19-foot shale. A section in the back of this guide leaflet, titled "Depositional 
History of the Pennsylvanian Rocks,tt discusses the origin of sediments preserved 
from this period. 
3' 
~~·-_:_. 
~- ·· · . . ') 
: :< ..... ··.· ~ ·· ... \ 12 1 
.... ·_ .·.: · . . · .. · .·· .. 
. . 
. • . • . . j 
cover 5' 
_ .__ :_ ·- ·-·-: 
... .. 
·. · 
.. . . 
- 21 
Ll)ess 
Glacial till and drift. 
SPOON FORMATION 
Clays, light gray to cream, very sandy, iron stained. 
.Sandstone, light gray to buff, medium t., fine, cross bedded, various 
amounts ,.,f iron oxide cement; grains often shot-1 rl')unding, frosting . 
Light-colored clays prominent in upper p()rtion of sandstone; iron oxide 
concretions. 
Shale, silty, , carbonacenus, gray to dark gray, fissile. 
Siltstone, gray ; thin laminae with plant fossils. 
Chert, light gray t0 mottled gray; dense siliceous claystone to bedded 
nodular chert that c~ntains abundant sponge spicules. 
Thin beds and lenses of dark carbonaceous shale. Carbonaceous inclus.ions 
in chert. 
Shale, dark gray to black, thin bedded, fissile; marcasite and pyrite 
concretionary nodules up t0 2 inches; large calcareous concretions 
with cone-in-c~ne structure. 
Shale hard and siliceous near top. Thin laminae of very carbonace0us 
material. 
ABBOTT FORMATION 
Sandst.,ne, light gray, fine to medium, fairly porous; bedding thin to 
massive; thin beds of dark gray to black fissile sh~le. 
Some sandstone beds micaceous. 
vfeathered surface c':>mmonly iron stained, 
Cal am_! tes, ~~_:t.q._ode_ndron. h-:>tll l'are (Bernadette Sandstone Member). 
Fi g . 8 - A comp0site section sh,.,Ning the strata exposed in the creek and along the road at the 
Oakwood C'1untry Club . (Mi'Jdifi cd fr ..,m R. tV. Edmund, et al., 1967, 31st Tri-State Gei'Jlogi cal 
Guidebook, p. 17, fig. 12.) 
o.o 19.8 Leave Stop 4. Continue ahead downhill. 
) 
0.3 20.1 STOP. Intersection tvith U.S. Route 6. TURN LEFT (west). 
0.95 21.05 Enter Rock Isla~d ·CC?unty. 
0.8 21.85 Rock River to the right. 
0.25 22.1 CAUTION. Ent~r town 9f Coal Valley. CONTINUE AHEAD (west). 
. , · 
. ·. 
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1.7 23.8 CAUTION. Stoplight. TURN LEFT (south) on U.S. 150. 
0.35 24.15 Historical marker to left. Continue ahead (south). 
0.35 24.5 TU&~ RIGHT (west) on County Route JJ · {78th Avenue) toward Indian 
Bluff Forest Preserve. 
1.4 25.9 _TURN LEFT (south) at entrance to Indian Bluff Forest Preserve. 
0.15 26.05 CAUTION. Parking lot for golf course and proshop. CONTINUE 
~BEAD (south) past the proshop and along the east edge of the 
golf course to the pavilion. 
0.2 26.25 Stop 5. LUNCH . 
0.0 26.25 Leave Stop 5. Retrace itinerary to County Route JJ. 
0.35 26.6 
0.2 26.8 
2.1 28.9 
0.1 29.0 
0.6 29.6 
0.2 29.8 
0.1 29.9 
0.4 30.3 
STOP. TURN LEFT (Nest) on County Route JJ. 
The tree-covered upland to the right in the distance is the 
location of the cities of Rock Island and No1ine, north of the 
Rock River. 
STOP. TURN RIGHT (northwest) on Knoxyille Road. 
Cross Mill Creek. 
CAUTION. Stoplight. TURN RIGHT (north) on U.S. Route 67. 
Interstate 280 overpass. 
CAUTION. Railroad crossing. 
CAUTION. Stoplight. TURN LEFT (west) and stay in inside lane. 
0.15 30~45 CAUTION. Stoplight. CONTINUE M1EAD (west and northwest on 
U.S. 67) but prepare to turn left on Big Island Road. 
0.2 30.65 CAUTION. TURN LEFT (west-northwest) on Big Island Road along 
the south side of the Illinois-}lississippi (Hennepin) Canal. 
0.1 30.75 CAUTION. Railroad crossing. Continue ahead (west-northwest). 
1.05 31.8 Abandoned canal lock (No. 31) to the right. 
0.7 32.5 CAUTION. Crossroad. TU&~ RIGHT (north) at Black Hawk School. 
0.35 32.85 Abandoned -gravel pits on both sides of road. These are nm-1 
used for fishing and camping, whic}l -is an example of multiple 
·land -use. 
0.4+ 33.25 Illinois Route ~9 overpass. CONTINUE AHEAD (northwest). 
0 .6 33.85 TURN RIGHT at entrance to -parking area. 
Stop 6. Confluence, of the Mississippi and Rock Rivers and the 
· terminus of · the -tl1iriois-Hississippi {Hennepin) Canal, Lock No. 
32. (SE 1/4 SE 1/4 NH 1/4 Sec. 9, T. 17 N. , R. z. W. , l'1ilan 7, 5' 
Quadrangle.) 
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The Canal - Interest in the construction of the Illinois-Mississippi 
(Hennepin) Canal began in 1836 and continued until 1890, when Congress finally 
provided funds for its construction. The canal extended westward about 70 miles 
from the Illinois River at Bureau through the Green River Lowland to the Rock 
River at Colona about 4 miles east of Moline. It was completed and opened for 
barge traffic about 1907. As originally conceived, the canal was to be the 
final connecting water link between the Upper Mississippi Valley Region and 
Lake Michigan. It soon fell into disuse, mainly because it was only 7 feet 
deep and it had inadequate connections to Lake Michigan via the Illinois River 
and the Illinois-Michigan Canal a few miles to the northeast. However, until 
the early 1930s the locks were still operable, and occasional barges plied the 
waterway. After 1935 the canal was allowed to decay. Although there was talk 
of reopening the canal during World War II, nothing ever came of these plans. 
The Mississippi River - The drainage basin of the Mississippi River 
upstream from the field trip area covers about 90,000 square miles in a dis-
tance of some 700 miles. Southward from the northwest corner of Illinois to 
the vicinity of Cordova, about 22 miles upstream from Rock Island, the Missis-
sippi Valley is from 3 to 7 miles wide. The widest portions developed where 
the relatively weak shale of the Maquoketa Group crops out. The old bedrock 
valley bottom lies 100 to 200 feet below the present river in that area. 
Between Cordova (the "upper rapids") and Muscatine, a distance of about 45 
miles by river, the valley is rock bottomed and little wider than the river, 
between one-half and 2 miles wide. South of Muscatine, where the Mississippi 
joins the Ancient Iowa River Valley, the valley widens to as much as 7 miles. 
The Rock River - The Rock River, which originates about 300 miles 
away from the Milan area in east-central Wisconsin, has a drainage basin 
covering nearly 11,000 square miles, about half of which lies in Illinois. 
Just before the river enters the field trip area, its valley is nearly 2.5 
miles wide and is developed across glacial deposits. The valley narrows 
fairly rapidly in this area, however, because of resistant bedrock exposed in 
the valley walls. At Milan the valley is only about 1.5 miles wide and has a 
rock floor. 
The Rock River Valley was cut during the last g·lacial stage by the 
Wisconsinan glaciers that flowed from the Lake Michigan Basin but stopped just 
short of the Milan region. The glaciers blocked and finally buried the val-
leys of several rivers that flowed roughly parallel to, and east of, the Rock 
River's present valley. When the glaciers advanced into the valleys of these 
ancient south- and westward-flowing rivers, the lower parts of the valleys 
were dammed. Consequently, water levels rose in the upper, still open parts 
of the valleys and in the tributary valleys. In several places, the ponded 
waters rose high enough to flow over the low parts of the land dividing the 
streams, and spillways and channels were cut that ultimately established a 
drainageway parallel to the glacier fronts. This drainageway--formed when 
several of the spillways, meltwater drainage channels, and segments of the 
original stream valleys combined--became the present Rock River Valley • . 
Drainage in the Milan Area - Waterways in this area have a longer 
and more complex geologic history than the Rock River Valley. An outline of 
this history is provided by the abstract of R. c. Anderson's article, "Drainage 
Evolution in the Rock Island Area, Western Illinois, and Eastern Iowa," (in 
R. E. Bergstrom [ed.], 1968, The Quaternary of Illinois, p. 11-18). Figure 9 
illustrates this discussion. 
Fig. 9 - Glacial geology and drainage features of the Rock Island area. Vertical ruling: Kansan drift with thick cover 
of loess; horizontal ruling: Illinoian drift with thick cover of loess; NE-SW ruling: Shelbyville drift; NW-SE ruling: 
Bloomington and younger drift. Lowlands and channels: 1 = Cleona Channel; 2 = Goose Lake Channel; 3 = Cattail Channel; 
4 = Meredosia Channel; 5 = Pleasant Valley; 6 = Port Byron Gorge; 7 = Andalusia Gorge; 8 = Green River Lowland. (From 
R. C. Anderson in R. E. Bergstrom [ed.], 1968, The Quaternary of Illinois, p. 12, fig. 1.) 
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0.0 33.85 
1.35 35.2 
1.75 36.95 
0.1 37.05 
0.25 37.3 
0.2 37.5 
0.05 37.55 
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The establishment of the pr.esent course of the Mississippi 
.River through its upper rapids past Rock Island, as well 
as the cutting and subsequent abandonment of severa l 
large channels in this area, is attributed to glacial 
diversions ranging in age from Kansan to Wisconsinan. 
The preglacial course of the Mississippi River, the 
Princeton Bedrock Valley, was modified by glacial ice 
during Kansan, and perhaps also Nebraskan, time, but 
no extensive changes were made until Illinoian ice 
advanced westward and northvrestward from the Lake 
Michigna · Lobe. Upon reaching the Princeton Bedrock 
Valley, the Illinoian glacier dammed the Ancient 
Mississippi River and formed glacial Lake Moline, 
whose outlet was established near the present vil-
lage of Fairport, Iowa. Continued advance of the 
Illinoian glacier progressively reduced -the area of 
this proglacial lake and produced a series of ice-
marginal channels-·Green River-Rock River, Pleasant 
Valley, Port Byron Gorge--in the ,Rock Island area. 
At its maximum stand, the Ill i noian ice covered all 
of these channels, toge ther with the basin of Lake 
Moline, and diverted the !<lississippi River through 
the Goose Lake and Cle ona Channels in easterL Iowa. 
Retreat of the Illinoian glacier permitted the former 
southeastward course of the river to be restored. 
Nevertheless, the present valley of the Iv1ississippi 
River was eroded, though subsequently overridden and 
partially filled, as a result of Illinoian glaciation. 
A similar sequence of events transpire d during middle 
Wisconsinan (early Woodfordian) time. Wisconsinan ice 
formed glacial Lake Milan and accomplished the final 
diversion of the Mississippi River through the Port 
Byron Gorge and past Rock Island . . 
Leave Stop 6. Retrace itinerary to U.S. 67 at Milan. 
STOP. Crossroad. TURN LEFT (east) at Black Hawk School. 
CAUTION. Railroad crossing. 
STOP. U.S. 67. USE EXTRE~ffi CAUTION. Visibility to left is very 
poor. TURN LEFT (north) and get into outside lane. Immediately 
cross Illinois-Mlssissippi Canal and Rock River. 
Enter Vandruff Island. To the right on the bluff is the lodge 
at Black Hawk ·State Park. · 
CAUTION. TURN RIGHT (east) at entr~nce to Allied Stone Company 
Quarry. 
Stop 7. Office of Allied Stone Company Quarry. (If you are 
planning your own field trip, YOU MUST GET PERMISSION to enter 
this property.) (NW 1/4 SW 1/4 SE 1/4 Sec. 14, T. 17 N., R. 2 ~ ., 
Milan 7.5' Quadrangle.) 
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Devonian,'Pennsylvanian, and Pleistocene strata are exposed in this 
quarry (fig. 10). This stop affords a better opportunity to study the lower 
part of the Wapsipinicon Formation (Devonian) than Stop 3. As noted previously, 
the Wapsipinicon contains only scattered fossils. The Solon Member is the only 
portion of the overlying Devonian Cedar Valley Formation present here. 
Probably the most striking feature of this quarry is the presence of 
a number of sinkholes and caves that developed in the Devonian strata. These 
features must have been formed after the close of Mississippian deposition, 
because they contain no sediments of Mississippian age. On the other hand, 
they must have existed before Pennsylvanian sedimentation began, for the 
sediments filling them are among some of the oldest kno'tr1n Pennsylvanian strata 
in the state. These Pennsylvanian rocks occur stratigraphically lower than the 
Pennsylvanian layers at a neighboring borrow pit and across the river at Black 
Hawk State Park. 
The solution features strongly suggest that this area was topographi-
cally high-the Hississippi River Arch-when they were formed. Four conditions 
contribute to the development of such large numbers of sinkholes. First, solu-
ble rock, preferably limestone, must occur at or near the surface and should be 
flat lying, or nearly so. Second, and one of the most important factors, the 
limestone should be dense, abundantly jointed, and preferably thinly bedded. 
The limestone should not be porous, because if it is rainwater will be absorbed 
and move through the whole body of the rock rather than be concentrated along 
joints and bedding planes. Third, major valleys must be entrenched below the 
uplands to act as outlets toward which the ground water can move in the sub-
surface. Fourth, there must be ample rainfall. 
Sinkholes form in two ways. Collapse sinks, known ·as ponors, are 
caused by the collapse of the roofs of caves that lie near the surface. The 
caves were initially formed above the zone of saturation by ground water 
percolating downward. (Such water is called vadose water.) Roof collapse 
followed the uplift of an area and subsequent entrenchment of major drainage 
channels. The collapse sinks are generally deep and steep walled. The second 
type of sinkhole is called a doline, in which solution takes place along joints 
beneath the soil mantle so that the surface is gradually lowered without 
collapaing the rock mass. They do not require the· presence of large subte r -
ranean cavities, most of them tieing shallow, saucer-shaped depressions. Their 
depth is controlled by the depth of the water table at the time of their 
formation. Both types of sinks are generally present in a sinkhole area, but 
dolines generally are more common. 
0.0 37.55 Leave Stop 7. Return to U.S. 67. 
0.05 37.6 STOP. TURN RIGHT (north) on U.S. 67 {11th Street). 
0.05 37.65 . Cross Rock River on 11th Street. 
0.2 37.85 The borrow pit to the right exposes strata of Pennsylvanian age 
that are older than those seen at Stop 4. Above a gray under-
clay in the foreground is an 8- to 10-inch coal bed that is one 
of the oldest coals kno~~ from this prirt of the state. A gray 
silty shale lies above the - coal~ The shale is locally nearly 
cut out by a sandstone channel that cros·ses the area. The east 
wa11 of the pit reveals Pennsylvanian strata tilted up to the 
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Loess and very thin glacial drift. 
Shale, black to dark gray, fissile to blocky, interbedded 
with thin sandstones. Grades do1rm to- greeni~h gray sandy 
shales and light-colored pyritic sandstones. 
Limestone, buff. fine to medium grained; numerous 
brachiopods. 
Limestone, very light gray, sublithographic to lithographic, 
very brecciated; green clay and shale streaks; grades 
downward to greenish gray and light brownish gray lime-
stone that is hard and brittle; numerous wavy bands and 
irregular thin beds. 
Pennsylvanian age cave fillings, . fine to medium 
angular sand interbedded with greenish cla·y and 
shale. Fragments of plants and much pyrite common. 
Limestone, dolom.i tic, very light gray to very light buff, 
lithographic to sublithographic, stylolitic; weathers to 
thin slabs; some breccia. 
Limestone, brownish to bluish gray and dark colored, fine 
to coarsely cry-stalline with thin dark shale laminae, 
brecciated with shale and limestone matrix. 
Dolomite, brmmish gray. fine grained. 
Fig. 10 - Stratigraphic section of north wall of Allied Quarry. Vandruff Island. (Modifi e d 
from Collinson in R. W. Edmund, et al., 1967, 31st Tri-State Geological Guidebook, p. 13, 
fig. 7.) 
38.0 
38.15 
south and cut off, or truncated, to an even, nearly horizontal 
surface upon which Illinoian till · "Jas· deposited. The till is 
overlain by V/isconsinan silts and thick loess. Along the south 
part of the exposure, a Pleistocene channel was cut down through 
the Illinoian till to the bedrock surface and then later "t-7as 
filled Hi th ~.J'isconsinan silts o Beneath this channel, bedrock 
strata have been considerably disturbed. Although there is a 
slight possibility that the Pleistocene channel had something 
to do uith the disturbance, the location of the t~Jo features 
is coincidental. The beds most probably "t·Jere squeezed and 
distorted when the area was tilted, long before glaciers covered 
it. 
Enter Rock Island and immediately BEAR RIGHT on 12th Street. 
STOP. TURN RIGHT (east) on 46th Avenue. 
0.3 38.45 
0.05 38.5 
0.05 38.55 
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Illinois State Police District 7 Headquarters to the right. 
Prepare to turn right. 
TURN RIGHT (south) at entrance to ball park. Park in lot. 
Stop 8. Black Hawk State Park. Devonian and Pennsylvanian 
strata exposed along the Rock River below and to the east of 
Watch Tower Inn. (NE 1/4 NW 1/4 SE 1/4 Sec. 14, T. 17 N., 
R. 2. W., Hilan 7 .5' Quadrangle.) 
(The following discussion is taken from the 31st Tri-State Geological 
Guidebook: The Mississippi River Arch, by R. W. Edmund and R. C. Anderson, 
Augustana College, 1967.) 
Blackhawk State Park preserves the most scenic portion of the 
lands once occupied by Saukenuk, the largest Indian village 
in the Upper Mississippi Valley. It was here that Chief 
Blackhawk and his band of Sauk and Fox came in conflict 
with the territorial claims of the white man in the years 
preceeding the Blackhawk vlar of 1832. The area is rich in 
Indian lore, and some of the flavor of the old encampment 
can be savored in the Blackhawk Museum on the "Watch Tower. 11 
From the Watch Tower, a high promontory on the north bluffs 
of the R0ck River, many of the features of the landscape in 
the Rock Island area can be seen. This area is characterized 
by flat upland prairies greatly dissected along the major 
streams, and by broad valleys bounded by steep bluffs and 
occupied by sizable streams such as the Rock River. Signifi-
cant variations in this pattern, most notably a large 
stream in a very narrow valley, and very large valleys 
with no streams at all, will be observed later today. 
Chief Blackhawk is reported to have said, "At the Watch 
Tower. which was frequently visited by me alone, I could 
sit and smoke my pipe and look with wonder and pleasure 
at the grand scenes that were presented by the sun's rays, · 
even across the mighty water." The quarry on Vandruff 1 s 
I.s"land makes it impossible for us to view this scene \ori.th 
the same serenity as did Blackhawk, but it has provided 
some very fine exposures of the Devonian Cedar Valley 
limestor.e. This vrill be our first stop upon leaving 
the park. 
Within the confines of Blackhawk State Park the fossil-
iferou~ Ce?ar Valley limestone, Devonian, crops out along 
the north bank of the Rock Riyer, exposing approximately 
ten feet of section above water level. The Devonian beds 
here are overlain by sandy carbonaceous shale and gray 
shale totaling approximately 40 feet of strata, Pennsyl~ 
vanian in age. Fragments of plant fossils have been 
observed directly above the Devonian in fine silty 
sandstones and dark gray shales. The Pennsylvanian shales 
are overlain by about 50 feet of Pleistocene loess. 
(Fig. 11.) 
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Loess, cream to light buff; silt and clay with calcareous 
concretions. 
Till and glacial drift. 
Sandstone, light brown to tan, medium to fine grained with 
irregular streaks of carbonaceous shale. 
Shale, silty, gray, fissile. Coal, impure; shale partings. 
Shale, dark gray, with silty lenses and thin streaks of sand. 
Grades from fissile shale in thin beds to blocky claystone . 
in rather massive beds. 
Very few fragments of plant fossils. 
Fig. 11 - Stratigraphic section southeast of \'latch Tower Inn at Black Hawk State Par}c along 
the Rock River. (Adapted from R. W. Edmund, et al., 1967, 31st Tri-State Geological Guidebook , 
p. 11, fig. 5.) 
The Pennsylvanian rocks at Blackhawk Park are representative 
of the exposures found on the south side of Rock Island and 
Moline, adjacent to the Rock River. 
Dr. Russel Peppers, paleobotanist at the Illinois State Geological 
Survey, has examined the spore flora in the coal in this section and determined 
that the coal is a unit in the Caseyville Formation of the }1cCormick Group, 
being older than the Reynoldsburg Coal Member and younger than the Gentry Coal 
Member. This particular coal has a number of spores not found in other Illinois 
coals. It seems likely that this coal is of limited extent and probably tvas 
deposited in a small, discontinuous basin, as along an upper delta plain or 
abandoned stream channel. 
NOTE: Before leaving the park? you may t·.rish to v~sit the 
Hauberg Huseum next to the Hatch Tower Inn. The museum has 
a collection of Indian relics and mementos of the early 
settlement of the area. 
0.0 38.55 
0.05 38.6 
1.35 39.95 
0.1 40.05 
1.85 41.9 
0.25 42.15 
0.25 42.4 
0.1 42.5 
0.05 42.55 
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Leave Stop 8. Return to 46th Avenue. 
STOP. USE EXTREME CAUTION. TURN RIGHT (east) on 46th Avenue. 
Prepare to turn left on 38th Street, Rock Island. 
CAUTION. TURN LEFT (north) on 38th Street. 
CAUTION. Stoplight at 18th Avenue. CONTINUE AHEAD (north). 
CAUTION. Stoplight at 14th Avenue. CONTINUE AHEAD (north). 
Des·cend 38th Street hill and prepare to turn left. 
CAUTION. TURN LEFT (,vest) at driveway to Augustana College and 
BEAR LEFT to visitors parking area near Science Hall and 
Planetarium. 
Stop 9. Fryxell Geology f.lusemn. (NE 1/4 SE 1/L• SE 1/4 Sec. 36, 
T. 18 N. , R. 2 tv. , Davenport 7. 5' Quadrangle.) 
The Fryxell Geology Museum at Augustana College has a collection of 
earth science exhibits that brings into focus many of the lessons in physical 
and historical geology offered on the Hilan Geological Science Field Trip. 
The original museum was started during the late 1870s when Dr. Josua 
Lindahl and, late~Dr. Johan A. Udden, both outstanding earth scientists, made 
collections for teaching purposes. Some of the original specimens are retained 
in the present collection, but most materials are new acquisitions. Various 
specimens in the current displays have been collected throughout the world by 
the faculty, former and present students, and friends of the college. Exchanges 
and purchases have also added to the collection. Included in the displays are 
examples of the famous Pennsylvanian plant fossils from Illinois, Pleistocen~ 
vertebrate fossils (such as the mastodon rer.4ins from Prophetstown, Illinois), 
Mississippian crinoid fossils from Iowa, and a striking slab of Ordovician 
trilobites from Oklahoma. 
Although the museum was originally created to serve the geology depart-
ment of the college, many of whose students have prepared specimens, it is 
increasingly visited by school classes from Illinois and Iowa. The Illowa Gem 
and Mineral Society holds its meetings here and has contributed to the acquisi-
tion of new materials. 
The public is welcome to visit the museum from 8 to 5 on weekdays or 
1 to 4 on weekends. It is closed on holidays. Tours may be arranged by phone 
(309/794-7318). 
PLEISTOCENE GLACIATIONS IN ILLINOIS 
Origin of the Glaciers 
During the past million years or so, the period of time called the 
Pleistocene Epoch, most of the northern hemisphere above the 50th parallel has 
been repeatedly covered by glacial ice. Ice sheets formed in sub-arctic regions 
four different times and spread outward until they covered the northern parts 
of Europe and North America. In North America the four glaciations, in order 
of occurrence from the oldest to the youngest, are called the Nebraskan, Kansan, 
Illinoian, and Wisconsinan Stages of the Pleistocene Epoch. The limits and 
times of the ice movement in Illinois are illustrated in the following pages 
by several figures. 
The North American ice sheets developed during periods when the mean 
annual temperature was perhaps 4° to 7° C (7° to 13° F) cooler than it is now 
and winter snows did not completely melt during the summers. Because the cooler 
periods lasted tens of thousands of years, thick masses of snow and ice accumu-
lated to form glaciers. As the ice thickened, the great weight of the ice and 
snow caused them to flow outward at their margins, often for hundreds of miles. 
As the ice sheets expanded, the areas in which snow accumulated probably also 
increased in extent. 
Tongues of ice, called lobes, flowed southward from the Canadian 
centers near Hudson Bay and converged in the central lowland between the Appa-
lachian and Rocky Mountains. There the glaciers made their farthest advances 
to the south. The sketch below shows several centers of flow, the general 
directions of flow from the centers, and the southern extent of glaciation. 
Because Illinois lies entirely in the central lowland, it has been invaded by 
glaciers from every center. 
Effects of Glaciation 
Pleistocene glaciers and the waters melting from them changed the 
landscapes they covered. The glaciers scraped and smeared the landforms they 
overrode, leveling and filling many of the minor 
valleys and even some of the larger ones. Moving 
ice carried colossal amounts of rock and earth, 
for much of what the glaciers wore off the ground 
was kneaded into the moving ice and carried along, 
often for hundreds of miles. 
The continual floods released by melting 
ice entrenched new drainageways, deepened old ones, 
and then partly refilled both with sediments as 
great quantities of rock and earth were carried 
beyond the glacier fronts. According to some 
estimates, the amount of water drawn from the sea 
and changed into ice during a glaciation was 
probably enough to lower sea level more than 300 
feet below present level. Consequently, the 
melting of a continental ice sheet provided a 
tremendous volume of water that eroded and trans-
ported sediments. 
PG - 2 
In most of Illinois, then, glacial and meltwater deposits buried the 
old rock-ribbed, low, hill-and-valley terrain and created the flatter landforms 
of our prairies. The mantle of soil material and the deposits of gravel, sand. 
and clay left by the glaciers over about 90 percent of the state have been of 
incalculable value to Illinois residents. 
Glacial Deposits 
The deposits of earth and rock materials moved by a glacier and 
deposited in the area once covered by the glacier are collectively called 
drift. Drift that is ice-laid is called till. Water-laid drift is called 
outwash. 
Till is deposited when a glacier melts and the rock material it 
carries is dropped. Because this sediment is not moved much by water, a till 
is unsorted, containing particles of different sizes and compositions. It is 
also unstratified (unlayered). A till may contain materials ranging in size 
from microscopic clay particles to large boulders. Most tills in Illinois are 
pebbly clays with only a few boulders. 
Tills may be deposited as end moraines, the arc-shaped ridges that 
pile up along the glacier edges where the flowing ice is melting as fast as it 
moves forward. Till also may be deposited as ground moraines, or till plains, 
which are gently undulating sheets deposited when the ice front melts back, or 
retreats. Deposits of till identify areas once covered by glaciers. North-
eastern Illinois has many alternating ridges and plains, which are the succes-
sion of end moraines and till plains deposited by the Wisconsinan glacier. 
Sorted and stratified sediment deposited by water melting from the 
glacier is called outwash. Outwash is bedded, or layered, because the flow of 
water that deposited it varied in gradient, volume, velocity, and direction. 
As a meltwater stream washes the rock materials along, it sorts them by size--
the fine sands, silts, and clays are carried farther downstream than the coarser 
gravels and cobbles. Typical Pleistocene outwash in Illinois is in multilayered 
beds of clays, silts, sands, and gravels that look much like modern stream 
deposits. 
Outwash deposits are found not only in the area covered by the ice 
field but sometimes far beyond it. Meltwater streams ran off the top of the 
glacier, in crevices in the ice, and under the ice. In some places, the cobble-
gravel-sand filling of the bed of a stream that flowed in the ice is preserved 
as a sinuous ridge called an esker. Cone-shaped mounds of coarse outwash, 
called kames, were formed where meltwater plunged through crevasses in the ice 
or into ponds along the edge of the glacier. 
The finest outwash sediments, the clays and silts, formed bedded 
deposits in the ponds and lakes that filled glacier-dammed stream valleys, the 
sags of the till plains, and some low, moraine-diked till plains. Meltwater 
streams that entered a lake quickly lost speed and almost immediately dropped 
the sands and gravels they carried, forming deltas at the edge of the lake. 
Very fine sand and silts were moved across the lake bottom by wind-generated 
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currents, and the clays, which stayed in suspension longest, slowly settled 
out and accumulated with them. 
Along the ice front, meltwater ran off in innumerable shifting and 
short-lived streams that laid down a broad, flat blanket of outwash that formed 
an outwash plain. Outwash was also carried away from the glacier in valleys 
cut by floods of meltwater. The Hississippi, Illinois, and Ohio Rivers occupy 
valleys that were major channels for meltwaters and were greatly widened and 
deepened during times of the greatest meltwater floods. When the floods waned, 
these valleys were partly filled with outwash far beyond the ice margins. Such 
outwash deposits, largely sand and gravel, are known as valley trains. Valley 
trains may be both extensive and thick deposits. For instance, the long valley 
train of the Mississippi Valley is locally as much as 200 feet thick. 
Loess and Soils 
One of the most widespread sediments resulting from glaciation was 
carried not by ice or water but by wind. Loess is the name given to such 
deposits of windblown silt and clay. The silt was blown from the valley trains 
on the floodplains. Most loess deposition occurred in the fall and winter 
seasons when low temperatures caused meltwater floods to abate, exposing the 
surfaces of the valley trains and permitting them to dry out. During Pleisto-
cene time, as now, west winds prevailed, and the loess deposits are thickest 
on the east sides of the source valleys. The loess thins rapidly away from 
the valleys but extends over almost all the state. 
Each Pleistocene glaciation was followed by an interglacial stage 
that began when the climate warmed enough to melt the glaciers and their snow-
fields. During these warmer intervals, when the climate was similar to that 
of today, drift and loess surfaces were exposed to weather and the activities 
of living things. Consequently, over most of the glaciated terrain, soils 
developed on the Pleistocene deposits and altered their composition, color, 
and texture. Such soils were generally destroyed by later glacial advances, 
but those that survive serve as keys to the identity of the beds and are 
evidence of the passage of a long interval of time. 
Glaciation in a Small Illinois Region 
The following diagrams show how a continental ice sheet might have 
looked as it moved across a small region in Illinois. They illustrate how it 
could change the old terrain and create a landscape like the one we live on. 
To visualize how these glaciers looked, geologists study the landforms and 
materials left in the glaciated regions and also the present-day mountain 
glaciers and polar ice caps. 
The block of land in the diagrams is several miles wide and about 10 
miles long. The vertical scale is exaggerated--layers of material are drawn 
thicker and landforms higher than they ought to be so that they can be easily 
seen. 
1. The Region Before Glaciation- Like most of Illinois, the region illustrated is under-
lain by almost flat-lying beds of sedimentary rocks--layers of sandstone ( ~~:.~· ), limestone 
(55::), and shale ( -). Millions of years of erosion have planed down the bedrock (BR), 
creating a terrain of low uplands and shallow valleys. A residual soil weathered from local 
rock debris covers the area but is too thin to be shown in the drawing. The streams illus-
trated here flow westward and the one on the right flows into the other at a point beyond 
the diagram. 
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2. The Glacier Advances Southward - As the glacier (G) spreads out from its snowfield, it 
scours (SC) the soil and rock surface and quarries (Q)--pushes and plucks up--chunks of bed-
rock. 'lb.ese materials are mixed into the ice and make up the glacier's 11 load." Where 
roughnesses in the terrain slow or stop flow (F), the ice "current" slides up over the 
blocked ice on innumerable shear planes (S). Shearing mixes the load very thoroughly. As 
the glacier spreads, long cracks called "crevasses" (C) open parallel to the direction of 
ice flow. The glacier melts as it flows forward, and its meltwater erodes the terrain in 
front of the !ce, deepening (D) some old valleys before the ice covers them. Meltwater 
washes away some of the load freed by melting and deposits it on the outwash plain (OP). 
The advancing glacier overrides its outwash and in places scours much of it up again. The 
glacier may be 5000 or so feet thick , except _near its margin. Its ice front advances per-
haps as much as a third of a mile per year. 
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3. The Glacier Deposits an End Moraine - After the glacier advanced across the area, the 
climate warmed and the ice began to melt as fast as it advanced. The ice front (IF) is now 
stationary, or fluctuating in a narrow area, and the glacier is depositing an end moraine. 
As ~he top of the glacier melts, some of the sediment that was mixed in the ice accumu-
lates on top of the glacier. Some is carried by meltwater onto the sloping ice front (IP) 
and out onto the plain beyond. Some of the debris slips down the ice front in a mudflow (PL). 
Meltwater runs through the ice in a crevasse (C). A superglacial stream (SS) drains the top 
of the ice, forming an outwash fan (OF). Moving ice has overridden an immobile part of the 
front on a shear plane (S) . All but the top of a block of ice (B) is buried by outwash (0). 
Sediment from the melted ice of the previous advance (figure 2) was left as a till layer 
(T), part of which forms the till plain (TP). A shallow, marshy lake (L) fills a low place 
in the plain. Although largely fill ed with drift, the valley (V) remained a low spot in the 
terrain. As soon as its ice cover melted, meltwater drained down the valley, cutting it 
deeper. Later, outwash partly refilled the valley--the outwash deposit is called a valley 
train (VT). Wind blows dust (DT) off the dry floodplain. The dust will form a loess deposit 
when it settles. 
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4. The Region after Glaciation - The climate has warmed even more, the whole ice sheet has 
melted, and the glaciation has ended. The end moraine {EM) is a low, broad ridge between the 
outwash plain (OP) and till plains (TP). Run-off from rains cuts stream valleys into its 
slopes. A stream goes through the end moraine along the channel cut by the meltwater that 
ran out of the crevasse in the glacier. 
Slopewash and vegetation are filling the shallow lake. The collapse of outwash into the 
cavity left by the ice block's melting has made a kettle {K). The outwash that filled a 
tunnel draining under the glacier is preserved in an esker (E). The hill of outwash left 
where meltwater dumped sand and gravel into a crevasse or other depression in the glacier or 
at its edge is a kame (KM). A few feet of loess covers the entire area but cannot be shown 
at this scale. 
STAGE 
HOLOCENE 
WISCONSINAN 
(4th glacial) 
SANGAMONIAN 
(3rd interglacial) 
ILLINOIAN 
(3rd glacial} 
YARMOUTIIIAN 
(2nd interglacial) 
KANSAN 
(2nd glacial) 
AFTON IAN 
(1st interglacial} 
NEBRASKAN 
(1st glacial) 
TIME TABLE OF PLEISTOCENE GLACIATION 
SUBSTAGE 
Years 
Before Present 
7,000 
Valderan 
- 11,000 
Twocreekan 
- 12,500 
Woodfordian 
- 22,000 
Farmdalian 
- 28,000 
Altonian 
75,000 
175,000 
Jubileean 
Monic an 
Liman 
300,000 
600,000 
700,000 
900,000 
NATURE OF DEPOSITS 
Soil, youthful profile 
of weathering, lake 
and river deposits, 
dunes, peat 
SPECIAL FEATURES 
Outwash, lake deposits Outwash along 
Mississippi Valley 
Peat and alluvium 
Drift, loess, dunes, 
lake deposits 
Soil, silt, and peat 
Drift, loess 
Soil, mature profile 
of weathering 
Drift, loess 
Drift, loess 
Drift, loess 
Soil, mature profile 
of weathering 
Drift, loess 
Soil, mature profile 
of weathering 
Drift 
Ice withdrawal, erosion 
Glaciation; building of 
many moraines as far 
south as Shelbyville; 
extensive valley trains, 
outwash plains, and lakes 
Ice withdrawal, weathering 
and erosion 
Glaciation in northern 
Illinois, valley trains 
along major rivers 
Glaciers from northeast 
at maximum reached 
Mississippi River and 
nearly to southern tip 
of Illinois 
Glaciers from northeast 
and northwest covered 
much of state 
Glaciers from northwest 
invaded western Illinois 
1,200,000 or more 
. 
(Illinois State Geological Survey, 1973) 
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DEPOSITIONAL HISTORY OF THE PENNSYLVANIAN ROCKS 
At the close of the Mississippian Period, about 310 million years ago, 
the Mississippian sea withdrew from the Midcontinent region. A long i~terval of 
erosion took place early in Pennsylvanian time and removed hundreds of feet of 
the pre-Pennsylvanian strata, completely stripping them away and cutting into 
older rocks over large areas of the Midwest. An ancient river system cut deep 
channels into the bedrock surface. Erosion was interrupted by the invasion of 
the Morrowan (early Pennsylvanian) sea. 
Depositional conditions in the Illinois Basin during the Pennsylvanian 
Period were somewhat similar to those that existed during Chesterian (late Missis-
sippian) time. A river system flowed southwestward across a swampy lowland, car-
rying mud and sand from highlands in the northeast. A great delta was built out 
into the shallow sea (see paleogeography map on next page). As the lowland stood 
only a few feet above sea level, only slight changes in relative sea level caused 
great shifts in the position of the shoreline. 
Throughout Pennsylvanian time the Illinois Basin continued to subside 
while the delta front shifted owing to worldwide sea level changes, intermittent 
subsidence of the basin, and variations in the amounts of se~iment carried seaward 
from the land. These alternations between marine and nonmarine conditions were 
more frequent than those during pre-Pennsylvanian time, and they produced striking 
lithologic variations in the Pennsylvanian rocks. 
Conditions at various places on the shallow sea floor favored the deposi-
tion of sandstone, limestone, or shale. Sandstone was deposited near the mouths 
of distributary channels. These sands were reworked by waves and spread as thin 
sheets near the shore. The shales were deposited in quiet-water areas--in delta 
bays between distributaries, in lagoons behind barrier bars, and in deeper water 
beyond the nearshore zone of sand deposition. Most sediments now recognized as 
limestones, which are formed from the accumulation of limey parts of plants and 
animals, were laid down in areas where only minor amounts of sand and mud were 
being deposited. Therefore, the areas of sandstone, shale, and limestone deposi-
tion continually changed as the position of the shoreline changed and as the delta 
distributaries extended seaward or shifted their positions laterally along the 
shore. 
Nonmarine sandstones, shales, and limestones were deposited on the deltaic 
lowland bordering the sea. The nonmarine sandstones were deposited in distributary 
channels, in river channels, and on the broad floodplains of the rivers. Some sand 
bodies, 100 or more feet thick, were deposited in channels that cut through many of 
the underlying rock units. The shales were deposited mainly on floodplains. Fresh-
water limestones and some shales were deposited locally in fresh-water lakes and 
swamps. The coals were formed by the accumulation of plant material, usually where 
it grew, beneath the quiet waters of extensive swamps that prevailed for long inter-
vals on the emergent delta lowland. Lush forest vegetation, which thrived in the 
warm, moist Pennsylvanian climate, covered the region. The origin of the underclays 
beneath the coals is not precisely known, but they were probably deposited in the 
swamps as slackwater muds before the formation of the coals. Many underclays con-
tain plant roots and rootlets that appear to be in their original places. The for-
mation of coal marked the end of the nonmarine portion of the depositional cycle, 
for resubmergence of the borderlands by the sea interrupted nonmarine deposition, 
and marine sediments were then laid down over the coal. 
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Paleogeography of Illinois-Indiana region during Pennsylvanian time. The 
diagram shows the Pennsylvanian river delta and the position of the shore-
line and the sea at an instant of time during the Pennsylvanian Period. 
Pennsylvanian Cyclothems 
Because of the extremely varied environmental conditions under which 
they formed, the Pennsylvanian strata exhibit extraordinary variations in thick-
ness and composition, both laterally and vertically. Individual sedimentary units 
are often only a few inches thick and rarely exceed 30 feet thick. Sandstones and 
shales commonly grade laterally into each other, and shales sometimes interfinger 
and grade into limestones and coals. The underclays, coals, black shales, and 
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limestones, however, display remarkable lateral continuity for such thin units 
(usually only a few feet thick). Coal seams have been traced in mines, outcrops, 
and subsurface drill records over areas comprising several states. 
The rapid and frequent changes in depositional environments during 
Pennsylvanian time produced regular or cyclical alternations of sandstone, shale, 
limestone, and coal in response to the shifting front of the delta lowland. Each 
series of alternations, called a cyclothem, consists of several marine and non-
marine rock units that record a complete cycle of marine invasion and retreat. 
Geologists have determined, after extensive studies of the Pennsylvanian strata in 
the Midwest, that an ideally complete cyclothem consists of 10 sedimentary units. 
The chart on the next page shows the arrangement. Approximately 50 cyclothems 
have been described in the Illinois Basin, but only a few contain all 10 units. 
Usually one or more are missing because conditions of deposition were more varied 
than indicated by the ideal cyclothem. However, the order of units in each cyclo-
them is almost always the same. A typical cyclothem includes a basal sandstone 
overlain by an underclay, coal, black sheety shale, marine limestone, and gray 
marine shale. In general, the sandstone-underclay-coal portion (the lower 5 units) 
of each cyclothem is nonmarine and was deposited on the coastal lowlands from which 
the sea had withdrawn. However, some of the sandstones are entirely or partly 
marine. The units above the coal are marine sediments and were deposited when the 
sea advanced over the delta lowland. 
Origin of Coal 
It is generally accepted that the Pennsylvanian coals originated by the 
accumulation of vegetable matter, usually in place, beneath the waters of. exten-
sive, shallow, fresh-to-brackish swamps. They represent the last-formed deposits 
of the nonmarine portions of the cyclothems. The swamps occupied vast areas of 
the deltaic coastal lowland, which bordered the shallow Pennsylvanian sea. A 
luxuriant growth of forest plants, many quite different from the plants of today, 
flourished in the warm Pennsylvanian climate. Today's common deciduous trees were 
not present, and the flowering plants had not yet evolved. Instead, the jungle-
like forests were dominated by giant ancestors of present-day club mosses, horse-
tails, ferns, conifers, and cycads. The undergrowth also was well developed, con-
sisting of many ferns, fernlike plants, and small club mosses. Most of the plant 
fossils found in the coals and associated sedimentary rocks show no annual growth 
rings, suggesting rapid growth rates and lack of seasonal variations in the climate. 
Many of the Pennsylvanian plants, such as the seed ferns, eventually became extinct. 
Plant debris from the rapidly growing swamp forests--leaves, twigs, 
branches, and logs--accumulated as thick mats of peat on the floors of the swamps. 
Normally, vegetable matter rapidly decays by oxidation, forming water, nitrogen, 
and carbon dioxide. However, the cover of swamp water, which was probably stag-
nant and low in oxygen, prevented the complete oxidation and decay of the peat 
deposits. 
The periodic invasions of the Pennsylvanian sea across the coastal swamps 
killed the Pennsylvanian forests and initiated marine conditions of deposition. The 
peat deposits were buried by marine sediments. Following burial, the peat deposits 
were gradually transformed into coal by slow chemical and physical changes in which 
pressure (compaction by the enormous weight of overlying sedimentary layers), heat 
(also due to deep burial), and time were the most important factors. Water and 
volatile substances (nitrogen, hydrogen, and oxygen) were slowly driven off during 
the coalification process, and the peat deposits were changed into coal. 
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Coals have been classified by ranks that are based on the degree of 
coalification. The commonly recognized coals, in order of increasing rank, are 
(1) brown coal or lignite, (2) sub-bituminous, (3) bituminous, (4) semibituminous, 
{5) semianthracite, and (6) anthracite. Each increase in rank is characterized by 
larger amounts of fixed carbon and smaller amounts of oxygen and other volatiles. 
Hardness of coal also increases with increasing rank. All Illinois coals are clas-
sified as bituminous. 
Underclays occur beneath most of the coals in Illinois. Because underclays 
are generally unstratified (unlayered), are leached to a bleached appearance, and 
generally contain plant roots, many geologists consider that they represent the 
ancient soils on which the coal-forming plants grew. 
The exact origin of the · carbonaceous black shales that occur above many 
coals is uncertain. The black shales probably are deposits formed under restricted 
marine (lagoonal) conditions during the initial part of the invasion cycle, when the 
region was partially closed off from the open sea. In any case, they were deposited 
in~quiet-water areas where very fine, iron-rich muds and finely divided plant debris 
were washed in from the land. The high organic content of the black shales is also 
in part due to the carbonaceous remains of plants and animals that lived in the 
lagoons. Most of the fossils represent planktonic (floating) and nektonic (swim-
ming) forms--not benthonic (bottom dwelling) forms. The depauperate (dwarf) fossil 
forms sometimes found in black shales formerly were thought to have been forms that 
were stunted by toxic conditions in the sulfide-rich, oxygen-deficient waters of the 
lagoons. However, study has shown that the "depauperate" fauna consists mostly of 
normal-size individuals of species that never grew any larger. 
TRILOBITES CORALS FUSULINIDS 
Fusulino acme 5x 
Fusulino girtyi 5 x 
Amsuro songomonsnsis Lophophllidium proliferum lx 
Oitomopyge porvu/us BRYOZOANS 
CEPHALOPODS 
Fenestrellino mimico 9x 
Pseudorthoceros knoxense I x 
Rhomboporo lepidodendroides 
Glophritss wel/eri 2;3 -x 
Fenestrellino modesto lOx Gx 
Fistulipora corbonorio 3 113 x 
Mstococeros cornu tum 1112 x. Prismoporo frionguloto 12 x 
i ' l ' 
Nuculo (Nuculopsis) girtyi 
Ounborel/o kniqhti I Y2 X 
El 
• 
I X 
£uphemites corbonorius 1112 x 
Noficopsis (Jed rio) ventricoso I '12 x 
Kniqhtites montfortianus 2 x 
PELECYPODS 
Astortello concentrico I x 
Edmonio ova to 2 x 
Cordiomorpho missouriensis Cardiomorpho missouriensis 
"Type A" I x "Type e" 1112 x 
GASTROPODS 
Trepospiro illinoisensis I lt2 x 
Dono/dina robusto 8 x 
Trepospiro sphoeruloto I x 
• 
. 
. 
Globrocingulum (Giobrocingulum) groyvil/ense 3x 
BRACHIOPODS 
• 
Wel/erella tetrahedra 11t2 x 
Jure sonia nebrascensis 2t3 x 
J)erbyo cross a I x Composita argentia I x 
Neospirifer cameratus I x 
Chonetes granulifer I lt2 x Mesolobus mesolobus vor. evampygus 2 x Marginifera splendens 1 x 
Crurifhyris planoconvexo 2 x Linoproductus "cora" lx 
homillonensis 
Slropheodonlo demissa 
Heliophyllm holli 
Spinocyrtio iowensis 
t 
per plano 
Spinocyrtio porryonus Leplostrophio froqitts 
Representative Devonian fossils of northwestern I-llinois. 
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